Stereotype threat (fear of confirming a negative group stereotype that in turn can inhibit academic performance) has been implicated in the gender gap observed in the field of mathematics. Even though stereotype threat depresses women's performance, there has been much research reporting various interventions that ameliorate its negative effects.
INTRODUCTION
There is an underrepresentation of women in the field of mathematics (National Science Foundation [NSF], 2013) . Even though women earn 45% of undergraduate degrees in mathematics they make up only 17% of university faculty in mathematics (National Science Foundation [NSF], 2008b) . Math anxiety is most often reported by girls and is assumed to play a role in the observed gender gap (Wigfield & Meece, 1988) .
Anxiety and gender disparities are not only observed in the general subject of mathematics, but also more specifically in statistics (Carlson, 2000; Loftsgaarden & Watkins, 1998; Onwuegbuzie, 1995) . Onwuegbuzie (1995) reported that high statistics anxiety is partially responsible for the underperformance of women completing a statistics test under time pressure. In addition, across the United States, tenured female professors make up only 4.9% of the total faculty at universities teaching statistics courses at the Ph.D. level (Loftsgaarden & Watkins, 1998) . The International Statistics Institute (ISI) is an international scientific association with the goal of promoting collaborative work among prominent statisticians. The ISI has a total of 2,009 members, but only 192 of them are women (Carlson, 2000) .
Even though some, like Harvard's former president, Larry Summers, argue that men innately have greater quantitative skills, others argue that social environmental factors have led to the underrepresentation of women in the math and statistics domains.
The stereotype threat phenomenon emerged as a factor that would help explain the gender gap in quantitative fields, like mathematics and statistics. Stereotype threat is fear of confirming a negative group stereotype that in turn can inhibit academic performance (Steele & Aronson, 1995) . Even though stereotype threat is well known for its detrimental effects on women's math performance (Spencer, Steele, & Quinn, 1999) , it has not been linked specifically to women's statistics performance. The current investigation was primarily concerned with determining whether women's performance in statistics could be affected by stereotype threat. If so, could self-affirmation be an effective stereotype threat reduction strategy? This study was a replication of Martens, Johns, Greenberg, and Schimel's (2006) Study 1, with three exceptions: (1) I specifically assessed statistics (rather than math) performance, (2) I made the stereotype threat prime explicit (rather than subtle) and (3) I tested only women.
Stereotype threat research originally focused on race-based stereotypes and academic disparities. Specifically, Steele and Aronson (1995) investigated stereotype threat in relation to the stereotype that Blacks have inferior intellectual abilities compared to Whites. Stereotype threat theory suggests that activating this stereotype in Blacks should produce stereotype threat and thus hinder performance. Steele and Aronson told their participants that they would complete a test that measured their intellectual abilities, activating the stereotype mentioned above, and therefore inducing stereotype threat.
Steele and Aronson then provided evidence of the underperformance of Blacks, compared to Whites, on items from the Graduate Record Exam (GRE) verbal test when the test was presented as diagnostic of intellectual ability, rather than non-diagnostic.
There were similar performance deficits among Blacks even when the task was not framed as diagnostic of ability but instead participants were asked to report their race prior to beginning the test. It appears to be that by simply stating their race, Black participants activated negative intellect-related group stereotypes, which in turn hampered academic performance.
The stereotype threat phenomenon has not only been found present with racebased stereotypes but also with gender-based stereotypes relating to math performance. Spencer, Steele, and Quinn (1999) were among the first of many to investigate the relationship between stereotype threat and gender-math stereotypes. In Study 1 the researchers found that compared to men, women highly qualified in math underperformed on a difficult math test even though no explicit threat had been imposed.
The underperformance of women occurred with difficult, but not easy math tests. In Study 2 the researchers found that when women were explicitly told that the math test they would complete had not shown gender differences in performance, their performance improved and was equal to that of men. However, when women were told that gender differences had been found they underperformed. Study 3 replicated the findings of Study 2 and examined possible mediators to help explain the stereotype threat-performance relationship. Even though it was difficult to clearly identify a mediator, it was suggested that evaluation apprehension (an individual's concern about how others view him or her) and anxiety influenced the performance of women.
Numerous studies have supported Spencer et al.'s (1999) finding that priming women with stereotype threat leads to their underperformance in math (Ford, Ferguson, Brooks, & Hagadone, 2004; Inzlicht & Ben-Zeev, 2000; Johns, Schmader, & Martens, 2005; Martens, Johns, Greenberg, & Schimel, 2006; McIntyre, Paulson, & Lord, 2003; Murphy, Steele, & Gross, 2007; Rosenthal & Crisp, 2006; Rosenthal, Crisp, & Suen, 2007; Taylor, Lord, McIntyre, & Paulson, 2011) . Even though research documenting stereotype threat and women's math underperformance is well established, no studies have specifically explored whether stereotype threat leads to women's underperformance in statistics. Given that statistics involves quantitative skills and provokes anxiety (Onwuegbuzie, 1995) , as does math (Wigfield & Meece, 1988) , it is reasonable to believe that women can experience stereotype threat in statistics. In addition, statistics is a required course for psychology majors and according to GradPsych (2011) , a publication of the American Psychological Association, women vastly outnumber men in most psychology PhD programs; however, women hold fewer tenure-track faculty positions in psychology compared to men (NSF, 2008b) . Therefore, the primary goal of this investigation was to test whether stereotype threat could hinder women's performance on statistics tests.
Interventions
Given the detrimental consequences of stereotype threat, researchers have been actively searching for methods through which to eliminate stereotype threat. There has been research investigating indirect ways that help reduce stereotype threat. For example, some studies have focused on the benefits of individual differences such as having a sense of humor (Ford et al., 2004) or having an effective coping style (Matheson & Cole, 2004) . Other studies have examined how certain settings have reduced stereotype threat. For example, having present non-stereotypical office objects (Cheryan, Plaut, Davies, & Steele, 2009 ), testing in same-sex environments (Inzlicht & Ben-Zeev, 2000) , or knowing one's ethnicity is well represented (Purdie-Vaughns, Steele, Davies, & Ditlmann, 2008) .
More importantly, researchers have investigated a variety of specific and direct interventions that have proven successful in reducing the stereotype threat effects on performance. Approaching a threatening task as a challenge (e.g., a learning experience) improved performance (Alter, Aronson, Darley, Rodriguez, & Ruble, 2010; Stout & Dasgupta, 2013) as did focusing on intergroup similarities (e.g., characteristics; Rosenthal & Crisp, 2006) . In addition, knowledge of successful role models has been another form of combating stereotype threat. McIntyre, Paulson, and Lord (2003) reported that women who read the biographies of successful women performed better on a math test compared to women in the control condition. Marx, Ko, and Friedman (2009) found that African Americans performed better on a verbal test at times when Barack Obama's success was most salient. Taylor, Lord, McIntyre, and Paulson (2011) found that reading Hillary Clinton's biography improved math performance, but only for women who believed Clinton deserved her success. Furthermore, Aronson, Fried, and Good (2002) found that African Americans trained to view intelligence as malleable, rather than fixed, reported higher enjoyment and value of academics, and they had higher end of semester grades compared to participants in the control condition. Directly informing participants about stereotype threat, prior to taking a math test, has also shown to improve math performance (Johns et al., 2005) .
Self-Affirmation
Self-affirmation techniques are another form of reducing the negative effects of stereotype threat (Martens et al., 2006) . Even though the interventions discussed above are effective, they are not always as practical as the self-affirmation intervention. In addition, most other interventions directly refute the stereotype presented; however, selfaffirmation is more directed towards one's psychological response to the threat. How one responds to a threat as opposed to simply discounting the threat may prove to be a more significant coping strategy. Self-affirmation theory posits that we are motivated to protect ourselves when threatened and that affirming a non-threatened part of our self can protect our self-concept (Sherman & Cohen, 2006) . The key of self-affirmation is to focus on positive aspects of the self-concept that are unrelated to the immediate situation.
There are different methods by which to affirm the self, for example, writing about important values (Creswell, Dutcher, Klein, Harris, & Levine, 2013; Martens et al., 2006) , or receiving positive individual feedback (Derks, Scheepers, Van Laar, & Ellemers, 2011) . Self-affirmation has been used to combat chronic stress (Creswell et al., 2013 ) and stereotype threat (Derks et al., 2011; Martens et al., 2006) . Creswell, Dutcher, Klein, Harris, and Levine (2013) illustrated the alleviating effects of self-affirming on a stereotype threat component: stress. After collecting selfreport data on stress levels from their participants, the participants were randomly assigned to a self-affirmation or control condition. Participants in the self-affirmation condition wrote about their most important value, whereas participants in the control condition wrote about their least important value. After the writing exercise, the participants completed the Remote Associates Task (RAT), which is a measure of problem-solving and creativity. The results revealed that self-affirming improved problem-solving performance in individuals reporting chronic stress. Self-affirmation does not only reduce stress, but it also improves cardiac activity when threatened.
Derks, Scheepers, Van Laar, and Ellemers (2011) examined self-and groupaffirmation coping strategies to improve negative cardiovascular activity that resulted from stereotype threat. The women in this study were primed with the stereotype that women have poor car-parking abilities, and were then required to perform a car parking task. The results indicated that for women highly identified with their group, the groupaffirmation coping strategy (i.e., focusing on positive group characteristics) was most effective. This was demonstrated by the individual's cardiac activity indicating challenge, rather than threat, during the car parking task. For women who did not identify as highly with their group, the self-affirmation coping strategy (i.e., focusing on positive self-characteristics) was most effective as indicated by their cardiovascular patterns. Derks and colleagues are not the only researchers that have found the positive effects of self-affirmation.
Similar to Derks et al. (2011 ), Martens et al. (2006 also investigated whether self-affirmation was an effective way to minimize stereotype threat, however, in contrast to Derks et al., Martens et al. measured math performance. In Study 1, participants were randomly assigned to a control, stereotype threat, or stereotype threat + affirmation condition. All participants were told that they would work on "reasoning problems."
The stereotype threat and stereotype threat + affirmation participants were also told that these problems would directly measure their math intelligence, and that their abilities and limitations would be evaluated. The participants were then given a "preliminary form."
This form instructed participants to list 11 "characteristics and values" in order of importance. The participants in the stereotype threat + affirmation condition were then instructed to write about their number one value listed. They had to write about why this value was important to them, and to give an example of when this value had been particularly important to them. The participants in the other two conditions were instructed to write about their ninth most important value and to describe why this value could be important to others, and to generate an example of when the value could have been important to another person. All participants then completed a math test. The results revealed that the stereotype-threatened women who self-affirmed outperformed women in the stereotype threat condition. In Study 2, the researchers found similar results. After informing participants that women have inferior spatial rotation abilities compared to men, they were given a spatial rotation task. Martens et al. found that the women given the self-affirmation writing task (as in Study 1) prior to the spatial rotation task performed better, compared to the stereotype threat only condition.
Present Study
In the present study I tested whether (a) the women-math stereotype threat phenomenon extended to statistics test performance, and (b) whether a self-affirmation strategy could inhibit the effects of math-women stereotype threat. I hypothesized that (a) women primed with stereotype threat would have score lower on a statistics test than women not primed with stereotype threat, and (b) self-affirming women primed with stereotype threat would perform as well as women not primed with stereotype threat.
Method Participants
The participants were 74 female psychology students from a writing workshop at San José State University who were assigned to one of three conditions: control, stereotype threat, or stereotype threat + affirmation. The participants varied in age and ethnicity (see Table 1 ). Of this total sample, a subset (n = 52) were retained in the data analysis based on a series of inclusion criteria. The inclusion criteria required participants to identify with statistics (identification ≥ 4), successfully answer the manipulation question, and successfully affirm if in the affirmation condition (see Table 2 ). I selected participants who identified with statistics, as indicated by a score of 4 or higher on a 7-point Likert Requiring participants to have passed elementary statistics helps to further support the assumption that our participants identified with statistics and improved our confidence that they were competent to successfully complete the statistics test administered. 
Materials
The statistics exam that was used in the current study has been a long-used assessment instrument in the Psychology department at San José State University.
Typically, upon completion of elementary statistics, students are administered this exam.
The statistics exam is a general education assessment designed to assess the degree to which a predetermined learning outcome is being met (Learning Outcome 7: Focus on applications of mathematical concepts to statistical inference). The exam included 10 items with four answer choices and only one choice being correct in a multiple choice format.
Procedure
A large part of the procedure was replicated from the Martens et al.'s (2006) Study 1, with three exceptions: (1) I specifically assessed statistics (rather than math) performance, (2) made the stereotype threat prime explicit (rather than subtle) and (3) I used only women.
The writing workshop student participants were recruited through their writing workshop instructors and completed the study during their regularly scheduled class in mixed-sex groups, ranging approximately from three to 25. A mixed-sex environment was deemed to be appropriate for this study because previous research has found sex composition to affect women's math performance (Inzlicht & Ben-Zeev, 2000) . Inzlicht
and Ben-Zeev (2000) found that as the number of women increased so did their math performance, and as the number of men increased women's math performance decreased.
Therefore, I opted for a mixed-sex environment to obtain the most fair and unbiased environment possible. In addition, Martens et al. (2006) along with other classic studies (Johns et al., 2005; McIntyre et al., 2003; Spencer et al., 1999) tested in mixed-sex groups and mixed-sex groups simulate real-world testing environments.
Each class as a whole was assigned to one of the three conditions (control, stereotype threat, or stereotype threat + affirmation). Assigning classes to conditions was necessary due to time-constraints and the nature of the manipulation, which was a verbal prime. Assigning the participants to the different conditions within the same classroom, and trying to give different verbal instructions would have been time consuming and may have given away the manipulation. Upon arrival, the participants were first given a consent form and were informed of their rights and responsibilities. After signing the consent form, the participants indicated the extent to which statistics was important to them (described above).
The participants in the control condition were told that they would be "working on some reasoning problems" that were being tested for future studies, and that the study's purpose was to obtain "people's impressions of the problems." Participants were also asked to "make a strong and genuine effort" while they were taking the test.
In contrast, the participants in the stereotype threat and stereotype threat + affirmation conditions were told that they would complete some reasoning problems and that the test was a "direct measure of their statistics intelligence," that the study was primarily interested in "statistics and reasoning abilities," and that "As you may know there has been some controversy about whether there are gender differences in statistics ability. Previous research has sometimes shown gender differences and sometimes shown no gender differences. Sometimes men do better than women, sometimes they don't. Yet little of this research has been carried out with women and men in psychology. You were selected for this experiment because you are psychology majors'' (Spencer et al., 1999) . The participants in the stereotype threat conditions were also asked to "make a strong and genuine effort" so that I could assess "abilities and limitations."
The participants in the stereotype threat + affirmation condition then continued on to a form that served as the self-affirmation writing exercise. This self-affirmation writing task was replicated from the Martens et al. (2006) study described above. The exercise instructed students to list their 11 most important "characteristics and values," with 1 being their most important, and 11 being their least important. The predetermined list included items like humor, social skills and relations with friends/family.
Then they were asked to write about why their number 1 item was most important to them, and to give an example of a specific time when this item had been especially important.
Similarly, the participants in the control and stereotype threat conditions were also given this form, however, they wrote about their ninth characteristic by describing why this characteristic may have been important to another person and to provide an example of when that characteristic could have been important to the other person. Prior to beginning the statistics test, the participants were given a measure of performance expectations in which they were asked to predict the score they expected to get out of 100, and the score they expected other participants to get out of 100 (Rosenthal et al., 2007) .
All participants were then allowed to begin the statistics test and were given 7 min to complete the test. Not only has previous research used this similar time frame (Rosenthal & Crisp, 2006; Rosenthal et al., 2007) , but in addition I wanted this time frame to help intensify the stereotype threat experience. The front cover of the test provided basic instructions as the allotted time to complete the test, and stated that I would assess the number of items answered correctly and therefore that they should attempt to answer as many problems as possible. For the participants in the stereotype threat conditions the cover page displayed "Statistical Examination" and the participants were required to indicate their gender prior to beginning the test, another technique found to prime stereotype threat (Steele & Aronson, 1995) . After the test was completed, the participants completed a general questions form, which included a manipulation check. 
Results
A critical aspect of this study was to successfully prime participants with stereotype threat. All 29 participants who were given the prime successfully answered the manipulation check question. Seven out of these 29 participants reported hearing about stereotype threat and were able to accurately describe it.
Because random assignment was done at the class-rather than individual-level, it was important to confirm that the participants in the three different conditions were and had taken elementary statistics about one to two years ago (see Table 3 ). between conditions, but these were not statistically significant either. As observed in Table 4 and Figure 1 the statistics performance means are in the predicted direction, but the differences were not statistically significant.
Although the differences are in the predicted direction, relatively small sample sizes may have reduced the power of the analysis enough that they did not reach statistical significance. I followed up on this possibility in two ways. First, to increase the sample size I conducted a similar set of analysis but with a less rigorous inclusion criteria, allowing participants regardless of statistics identification into the sample (n = 69). However, even though the trends became more pronounced they did not reach statistical significance. Second, I assessed "practical significance" by calculating 
Stereotype Threat Prime and Performance Expectations
I also examined how the presence or absence of stereotype threat may have affected participants' performance expectations. First, participants most often expected others to perform better than them, as found through a series of paired-sample t-tests (See Table 5 ). This was true in the control condition and stereotype threat + affirmation condition. However, in the stereotype threat condition there was not a significant difference between expected score for self and other. If stereotype threat was successfully activated, I would have expected that particularly in the stereotype threat condition there would have been a large difference between expected score for self vs.
expected score for others. In theory, primed participants should have expected to perform much worse compared to other participants, given the threatening state they were assumed to be in. Because this difference was not found in the one condition it was most expected, it leads to questioning whether the stereotype threat manipulation had the intended effect. To continue exploring whether the stereotype threat prime was successful or not, I
investigated how the participants' expected performance scores compared to their actual scores. A series of paired-sample t-tests revealed that across all conditions the participants expected to perform better than they actually performed (see Table 6 ). In contrast, what has been observed with stereotype threat primed participants is that their expected performance score matched more closely to their actual score, both scores typically being low (Rosenthal et al., 2007) . This suggests that participants have lowered their performance expectations because stereotype threat was successfully activated. Moreover, I was curious to learn whether participant performance expectations differed between groups. The performance expectations did not differ between groups.
A one-way ANOVA demonstrated that there was not a significant difference between groups F (2, 49) = .41, p = .66 (see Table 7 ). Because only the participants in the stereotype threat condition were assumed to be in a negatively altered state, it is surprising that their performance expectations were just as high as the expectations of the other participants. These results along with those mentioned above strongly suggest that the stereotype threat prime did not have its intended effect. Finally, I was interested in comparing the performance of the current study's participants with former elementary statistics students. Boyajian (2011) analyzed data from San José State University students for the statistics exam used in the current study. This difference is understandable given that there had been some time interval between students' completion of elementary statistics and participating in this study.
Discussion
The hypotheses that (a) women primed with stereotype threat would have score lower on the statistics test than women not primed with stereotype threat, and (b) selfaffirming women primed with stereotype threat would perform as well as women not primed with stereotype threat were not supported. Even though previous investigators have found support for these hypotheses (Martens et al., 2006) it is possible that there were design and data collection limitations that made it difficult to detect significant differences in the results. Because this is a well-established area of research, it is possible that a Type II error was encountered. Importantly, the trends detected were promising and future work that can address this study's limitations may find support for its hypotheses.
The small sample size is a significant limitation. Having a small sample size is a concern because it reduces one's ability to statistically detect a difference even when there is a real underlying difference. I made two attempts to address this limitation.
First, I used less rigorous inclusion criteria to allow for the sample size to increase.
Increasing the sample size did not lead to statistically significant results; however, the trends became more pronounced in the predicted direction. Second, I calculated effect sizes among groups. The effect sizes were in the medium-small range. Future work should strongly consider replicating this study with a much larger sample size as this could potentially increase both power and effect sizes.
The inability to have successfully primed the participants with stereotype threat is another significant limitation. Seven participants were familiar with stereotype threat and this may have affected their performance (e.g., demand characteristics). Moreover, Rosenthal, Crisp, and Suen (2007) found not only that stereotype threat inhibits performance, but also that performance expectations mediate the stereotype threatperformance relationship (Rosenthal et al., 2007 
